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A plurality of piezoelectric elements are arrayed two-dimen 
sionally. A plurality of electrodes are respectively formed on 
the plurality of piezoelectric elements. A plurality of non 
conductive members have columnar shape and are arranged 
on the plurality of electrodes. A plurality of internal metal 
layers are respectively provided for the plurality of non-con 
ductive members. The internal metal layers reach from 
arrangement Surfaces of the non-conductive members to 
other Surfaces of the non-conductive members. The arrange 
ment Surfaces are opposite to the other Surfaces. 
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Form plurality Of plate-like non-COnductive members 
(non-conductive member plates) by Cutting 
non-Conductive block 

S1 

Form Conductive layers (first metal layers) by plating two 
Surfaces of each of plurality of formed non-Conductive 
member plates 

S2 

Form block (acoustic matching block) by laminating plurality 
S3 Of non-COnductive member plates On which COnductive layers 

are formed 

Form plurality of plate-like first acoustic matching plates by 
S4 Cutting formed acOustic matching block along direction 

perpendicular to laminating direction 

Form Conductive layers (second and third metal layers) 
S5 by plating two Surfaces of each of plurality of formed first 

acoustic matching plates 

Form block (composite block) by joining first acoustic 
matching plate, transcluCerplate, and SeCond acoustic 
matching plate 

S6 

Cutting formed Composite block vertically and horizontally 
S7 within plane almost perpendicular to joining direction and 

divide first aCOUStic matching plate, transducer plate, and 
Second acoustic matching plate into plurality of elements 

End 
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ULTRASONIC PROBE, ULTRASONIC 
DLAGNOSISAPPARATUS, AND ULTRASONIC 

PROBE MANUFACTURING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority from prior Japanese Patent Application No. 
2007-303253, filed Nov. 22, 2007, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an ultrasonic probe 
and an ultrasonic diagnosis apparatus having a two-dimen 
sional array structure, and an ultrasonic probe manufacturing 
method. 
0004 2. Description of the Related Art 
0005. An ultrasonic probehaving a one-dimensional array 
structure is available. A transducer unit included in this one 
dimensional array ultrasonic probe has a plurality of trans 
ducers arrayed in a line. In general, electrodes on the upper 
and lower Surfaces of the transducer unit are extracted from an 
end of the transducer unit. Various contrivances have been 
made to extract upper Surface electrodes. For example, there 
is available a technique of electrically extracting upper Sur 
face electrodes from the lower surface of a transducer unit via 
an FPC (Flexible Printed Circuit board) by plating a side 
surface of the transducer unit to render the upper and lower 
surfaces conductive. The signals extracted by the FPC are 
transmitted to a transmission/reception circuit via a probe 
cable. 
0006. In general, the acoustic impedance of polyimide 
used as a base material for an FPC is about 3 MRayl. The 
acoustic impedance of a transducer unit is equal to or more 
than 30 MRayl. For this reason, when the FPC is directly 
joined to the transducer unit, an acoustic mismatch occurs. In 
order to reduce this acoustic mismatch, an acoustic matching 
layer having an acoustic impedance between 3 MRayl and 30 
MRayl is used. This acoustic matching layer is placed on the 
upper surface of the transducer unit, and the FPC is placed on 
the upper Surface of the placed acoustic matching layer. 
Upper surface electrodes are electrically extracted via this 
FPC. 
0007. In the case of specifications with three acoustic 
matching layers added to a transducer unit, the first acoustic 
matching layer has the best acoustic impedance of about 9 to 
15 MRayl. A material having Such an acoustic impedance is a 
ceramic material containing mica as a main component. This 
ceramic material is known as a machinable ceramic material. 
This material has non-conductivity. There is a technique uses 
a method of plating all the Surfaces of the first acoustic match 
ing layer using this non-conductive material and electrically 
extracting upper Surface electrodes formed out of a piezoelec 
tric element to the upper Surface of the acoustic matching 
layer. 
0008. In a three-layer specification two-dimensional array 
ultrasonic probe, a multilayer structure comprising a plate 
like piezoelectric member, a first acoustic matching layer 
member, and a second acoustic matching layer member is cut 
in a lattice form. With this cutting, each acoustic matching 
layer is divided into a plurality of acoustic matching elements 
arrayed two-dimensionally. In the above method of extracting 
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upper Surface electrodes by plating the Surrounding portion, 
the upper and lower Surfaces of acoustic matching elements 
other than those located outside the first acoustic matching 
layer are not rendered conductive. 
0009. As another method of electrically extracting upper 
Surface electrodes to the upper Surface of an acoustic match 
ing layer, a method of attaching a conductive pattern to a side 
Surface of an acoustic matching layer has been proposed. In 
this method, however, pattern attachment processing needs to 
be performed for each column. This increases the number of 
steps, resulting in an increase in cost. 

BRIEF SUMMARY OF THE INVENTION 

0010. It is an object of the present invention to provide a 
two-dimensional array ultrasonic probe in which the upper 
and lower Surfaces of each element of an acoustic matching 
layer can be easily and reliably rendered conductive, an ultra 
Sonic diagnosis apparatus, and an ultrasonic probe manufac 
turing method. 
0011. An ultrasonic probe according to a first aspect of the 
present invention comprising: a plurality of piezoelectric ele 
ments arrayed two-dimensionally; a plurality of electrodes 
respectively formed on the plurality of piezoelectric ele 
ments; a plurality of columnar non-conductive members 
arranged on the plurality of electrodes; and a plurality of first 
conductive layers respectively provided for the plurality of 
non-conductive members, the first conductive layers reaching 
from arrangement Surfaces of the non-conductive members to 
other surfaces of the non-conductive members, the arrange 
ment Surfaces being opposite to the other Surfaces. 
0012. An ultrasonic diagnosis apparatus according to a 
second aspect of the present invention configured to scans a 
Subject with an ultrasonic wave via an ultrasonic probe, the 
ultrasonic probe comprising: a plurality of piezoelectric ele 
ments arrayed two-dimensionally, a plurality of electrodes 
respectively formed on the plurality of piezoelectric ele 
ments, a plurality of columnar non-conductive members 
arranged on the plurality of electrodes, and a plurality of 
conductive layers respectively formed on the plurality of 
non-conductive members, the conductive layers reaching 
from arrangement Surfaces of the non-conductive members to 
other Surfaces of the non-conductive members, the arrange 
ment Surfaces being opposite to the other Surfaces. 
0013 An ultrasonic probe manufacturing method accord 
ing to a third aspect of the present invention comprising: 
forming a conductive layer on at least one Surface of each of 
a plurality of plate-like non-conductive members; forming a 
non-conductive member block by joining a plurality of non 
conductive members on which the conductive layer are 
formed; and forming a plurality of plate-like acoustic match 
ing members by cutting the formed non-conductive member 
block in a direction substantially perpendicular to the one 
Surface. 
0014. An ultrasonic probe manufacturing method accord 
ing to a forth aspect of the present invention comprising: 
joining a plate-like piezoelectric member having two surfaces 
on which electrodes are formed to a plate-like acoustic match 
ing member having a plurality of conductive layers parallel to 
each other such that the electrodes are substantially perpen 
dicular to the conductive layers; and forming a plurality of 
elements by cutting the joined acoustic matching member and 
the piezoelectric member vertically and horizontally to a joint 
Surface between the acoustic matching member and the 
piezoelectric member. 



US 2009/0134746 A1 

0015. An ultrasonic probe according to a fifth aspect of the 
present invention comprising: a plurality of transducers hav 
ing a plurality of piezoelectric elements arrayed two-dimen 
sionally and a plurality of electrodes formed on the plurality 
of piezoelectric elements; and an acoustic matching layer 
provided on the plurality of transducers, the acoustic match 
ing layer having a plurality of non-conductive members 
arrayed two-dimensionally and a plurality of conductive lay 
ers for electrically extracting the plurality of electrodes to 
Surfaces of the non-conductive members. 
0016. Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0.017. The accompanying drawings, which are incorpo 
rated in and constitute a part of the specification, illustrate 
embodiments of the invention, and together with the general 
description given above and the detailed description of the 
embodiments given below, serve to explain the principles of 
the invention. 
0018 FIG. 1 is a perspective view showing the schematic 
structure of an ultrasonic probe according to an embodiment 
of the present invention; 
0019 FIG. 2 is a perspective view of the ultrasonic probe 
in FIG. 1 from which a second FPC and a third acoustic 
matching layer are omitted; 
0020 FIG. 3 is a flowchart showing a sequence in an 
ultrasonic probe manufacturing process in FIG. 1; 
0021 FIG. 4 is a perspective view showing a non-conduc 

tive block associated with the ultrasonic probe manufacturing 
process in FIG. 1; 
0022 FIG. 5 is a perspective view showing non-conduc 

tive members associated with the ultrasonic probe manufac 
turing process in FIG. 1; 
0023 FIG. 6 is a perspective view showing non-conduc 

tive members on which first metal layers are formed and 
which are associated with the ultrasonic probe manufacturing 
process in FIG. 1; 
0024 FIG. 7 is a perspective view showing an acoustic 
matching block associated with the ultrasonic probe manu 
facturing process in FIG. 1; 
0025 FIG. 8 is a perspective view showing first acoustic 
matching plates associated with the ultrasonic probe manu 
facturing process in FIG. 1; 
0026 FIG.9 is a perspective view showing a first acoustic 
matching plate having metal layers formed on the upper and 
lower surfaces, which is associated with the ultrasonic probe 
manufacturing process in FIG. 1; 
0027 FIG. 10 is a perspective view showing a composite 
block associated with the ultrasonic probe manufacturing 
processing in FIG. 1; 
0028 FIG. 11 is a view showing an X-Y section of the first 
acoustic matching layer in FIG. 1; 
0029 FIG. 12 is an enlarged view showing a Z-X section 
of the first acoustic matching element in FIG. 11; 
0030 FIG. 13 is a view showing an X-Y section of the first 
acoustic matching layer in FIG. 1 which is different from the 
X-Y section in FIG. 11; 
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0031 FIG. 14 is a view showing an X-Y section of the first 
acoustic matching layer in FIG. 1 which is different from the 
X-Y sections in FIGS. 11 and 13: 
0032 FIG. 15 is a view showing cutting plane lines of the 

first acoustic matching plate for the formation of the first 
acoustic matching layer in FIG. 14. 
0033 FIG. 16 is a view showing the arrangement of an 
ultrasonic diagnosis apparatus including the ultrasonic probe 
in FIG. 1; 
0034 FIG. 17 is a perspective view showing interconnec 
tions on a second FPC associated with the ultrasonic diagno 
sis apparatus in FIG.16; and 
0035 FIG. 18 is a view showing the arrangement of an 
ultrasonic diagnosis apparatus including the ultrasonic probe 
in FIG. 1 which is different from the apparatus in FIG. 16. 

DETAILED DESCRIPTION OF THE INVENTION 

0036 An ultrasonic probe, ultrasonic diagnosis apparatus, 
and ultrasonic probe manufacturing method according to an 
embodiment of the present invention will be described below. 
0037 FIG. 1 is a perspective view showing the schematic 
structure of an ultrasonic probe 1 according to this embodi 
ment. As shown in FIG.1, the ultrasonic probe 1 has a backing 
10 as a sound-absorbing material. The backing 10 has a rect 
angular block shape. A transducer unit 20 is joined to the 
upper surface of the backing 10 via a first flexible printed 
circuit board (not shown) (to be referred to as an FPC here 
inafter). A first acoustic matching layer 30 is joined to the 
upper surface of the transducer unit 20. A second acoustic 
matching layer 40 is joined to the upper surface of the first 
acoustic matching layer 30. A third acoustic matching layer 
60 is joined to the upper Surface of the second acoustic match 
ing layer 40 via a second FPC 50. Although not shown, an 
acoustic lens is joined to the upper Surface of the third acous 
tic matching layer 60. In this case, the stacking direction 
(thickness direction) of the respective members is defined as 
the Z-axis, and a plane perpendicular to the Z-axis is defined 
as an X-Y plane. The X-Y plane is defined by the X- and 
Y-axes perpendicular to each other. 
0038. The transducer unit 20 emits an ultrasonic wave in 
the plus Z direction upon receiving a driving pulse from a 
transmission circuit (not shown in FIG. 1). The emitted ultra 
sonic wave is reflected by a subject. The transducer unit 20 
receives the reflected ultrasonic wave as an echo signal. 
0039. The acoustic impedance of the transducer unit 20 is 
equal to or more than 30 Mray1 (Mray1=10 kg/ms). The 
transducer unit 20 is formed out of a piezoelectric ceramic 
material, e.g., PZT. The acoustic impedance of polyimide as 
a base material for the first FPC and second FPC 50 is about 
3 Mray1. The acoustic impedance of the first acoustic match 
ing layer 30 is about 9 to 15 Mray1. The first acoustic match 
ing layer 30 is formed out of a non-conductive member, e.g., 
a ceramic material containing mica as a main component 
which is called a machinable ceramic material. The non 
conductive member can be filler-containing epoxy resin. The 
filler is preferably a granular metal or metal oxide. The metal 
is preferably tungsten or the like. The non-conductive mem 
ber may also be formed out of a fine ceramic material con 
taining an inorganic Substance. The acoustic impedance of 
the second acoustic matching layer 40 is about 4 to 7 Mray1. 
The second acoustic matching layer 40 is formed out of a 
conductive member, e.g., carbon (isotropic graphite or graph 
ite). The acoustic impedance of the third acoustic matching 
layer 60 is about 1.8 to 2.5 Mrayl. The third acoustic matching 
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layer 60 is formed out of a non-conductive member, e.g., a 
resin. The acoustic impedance of the Subject is almost equal to 
the acoustic impedance of water, i.e., about 1.5 MRayl. As 
described above, the acoustic impedances of the acoustic 
matching layers 30, 40, and 60 realize the optimal acoustic 
impedance of the three-layer specification W/4 acoustic 
matching layer. This can attain a wideband characteristic for 
ultrasonic waves. 
0040 FIG. 2 is a perspective view of the ultrasonic probe 
1 in FIG. 1 from which the Second FPC 50 and the third 
acoustic matching layer 60 are omitted. As shown in FIG. 2, 
the ultrasonic probe 1 has a two-dimensional array structure. 
The transducer unit 20 has a plurality of columnar transducers 
21 arrayed in the X and Y directions at pitches (center-to 
center intervals). Each transducer 21 includes a piezoelectric 
element 22 made of PZT or the like, a planar lower electrode 
23 formed on the lower surface of the piezoelectric element 
22, and a planar upper electrode 24 formed on the upper 
surface of the piezoelectric element 22. 
0041. The first acoustic matching layer 30 has a plurality 
of columnar first acoustic matching elements 31 arranged 
two-dimensionally. Each first acoustic matching element 31 
is placed on each transducer 21. Each first acoustic matching 
element 31 has a non-conductive member 32 processed into a 
columnar shape and formed out of a machinable ceramic 
material or a filler-containing epoxy resin, an internal metal 
layer 33 formed inside the non-conductive member 32, a 
lower metal layer 34 formed on the lower surface of the 
non-conductive member 32, and an upper metal layer 35 
formed on the upper surface of the non-conductive member 
32. The internal metal layer 33, lower metal layer 34, and 
upper metal layer 35 have conductivity 
0042. In general, each of the metal layers 33, 34, and 35 is 
formed by electrolytic plating with gold or the like having 
high corrosion resistance using, as a Substrate, an electroless 
plating made of a material which facilitates securement of 
adhesive strength for an inorganic Substance such as a copper 
plating, nickel, or chromium. In addition, each of the metal 
layers 33, 34, and 35 can be formed by a dry process such as 
sputtering or vapor deposition. The width (in the X direction) 
of each of the metal layers 33, 34, and 35 is about 1 to 4 um, 
which satisfies requirements for connection reliability, avoid 
ance of adverse acoustic effects, and high machinability in a 
cutting process. 
0043. The internal metal layer 33 is provided for the first 
acoustic matching element 31. More specifically, the internal 
metal layer 33 extends through the interior of the non-con 
ductive member 32 to reach from the lower surface (arrange 
ment Surface) to the upper Surface of the non-conductive 
member 32. In other words, the internal metal layer 33 
extends through the non-conductive member 32 to be 
exposed onto the lower and upper Surface of the non-conduc 
tive member 32. According to Such a placement relationship, 
the internal metal layer 33 renders the upper and lower sur 
faces of the first acoustic matching element 31 conductive. 
The lower surfaces are opposite to the upper surfaces. The 
lower Surfaces and the upper Surfaces are parallel to each 
other. The internal metal layers 33 electrically extract the 
upper electrodes 24 to the upper surface of the first acoustic 
matching element 31. The internal metal layers 33 are parallel 
to each other. The internal metal layers 33 are arrayed verti 
cally to the upper electrodes 24. Scattering of ultrasonic 
waves by the internal metal layers 33 is minimized according 
to the positional relationship between the internal metal lay 
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ers 33 and the upper electrodes 24. Although described later, 
various patterns can be used as the array direction of the 
internal metal layers 33 and the pitch between them. 
0044) The lower metal layers 34 and the upper metal layers 
35 are formed to improve the certainty/reliability of conduc 
tion between the upper and lower surfaces of the first acoustic 
matching element 31. In other words, if the upper and lower 
surfaces of the first acoustic matching element 31 can be 
rendered conductive by using only the internal metal layer33, 
the lower metal layer 34 and the upper metal layer 35 are not 
required. 
0045. The second acoustic matching layer 40 has a plural 
ity of second acoustic matching elements 41 arranged two 
dimensionally. The second acoustic matching element 41 has 
conductivity and is formed out of a conductive member Such 
as a carbon. The second acoustic matching elements 41 are 
joined to the first acoustic matching elements 31. 
0046. As shown in FIG. 1, the second FPC 50 is mounted 
on the upper Surface of the secondacoustic matching layer 40. 
The second FPC 50 independently and electrically extracts 
each upper electrode 24 via each lower metal layer 34, each 
internal metal layer 33, each upper metal layer 35, and each 
second acoustic matching element 41. 
0047. A method of manufacturing the first acoustic match 
ing layer 30 will be described before a detailed description of 
the structure of the first acoustic matching layer 30. FIG. 3 is 
a flowchart showing a manufacturing process for the first 
acoustic matching layer 30. First of all, a non-conductive 
block 70 having a cubic shape like that shown in FIG. 4 is 
prepared. Each side of the non-conductive block 70 has a 
predetermined length. The predetermined length is, for 
example, 30 mm. 
0048. A plurality of non-conductive member plates 71, 
each having a plate-like shape like that shown in FIG. 5, are 
formed by cutting the non-conductive block 70 at a predeter 
mined pitch along the Y-axis (step S1). The left and right 
surfaces (both of which are almost perpendicular to the 
X-axis) of the formed non-conductive member plate 71 are 
polished to obtain a predetermined thickness. For example, 
the predetermined thickness is 0.3 mm. 
0049. As shown in FIG. 6, a plurality of first metal layers 
72 are formed on the plurality of polished non-conductive 
member plates 71 by Sputtering, vapor deposition, plating, or 
the like (step S2). In a wet process such as plating, the first 
metal layer 72 is formed on all the surfaces of the non 
conductive member plate 71. In a dry process Such as sput 
tering or vapor deposition, one or two first metal layers 72 
may be formed on only one or two Surfaces of the non 
conductive member plate 71. Assume that in the following 
description, the first metal layers 72 are formed on the left and 
right surfaces of the non-conductive member plate 71. 
0050. As shown in FIG. 7, the plurality of non-conductive 
member plates 71 on which the first metal layers 72 are 
formed are laminated to form an acoustic matching block 73 
comprising the plurality of first metal layers 72 and the plu 
rality of non-conductive member plates 71 (step S3). A typi 
cal laminating method is to coat the non-conductive member 
plates 71 with a resin adhesive Such as an epoxy adhesive and 
bond them upon minimizing the thicknesses of the adhesive 
layers by hot pressing. The heat resistance of a non-conduc 
tive member is higher than that of a metal such as tin or silver. 
Forming the first metal layers 72 on the two surfaces therefore 
can metal-weld the adjacent first metal layers 72 by hot press 
ing at a higher temperature without using any adhesive. If the 
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first metal layer 72 is formed on one surface of each non 
conductive member plate 71, it is necessary to laminate the 
first metal layers 72 upon orienting them to one side in order 
to make the pitches between the first metal layers 72 almost 
constant. FIG. 7 shows only the two end portions of the 
acoustic matching block 73 without illustrating the interme 
diate portion. 
0051. As shown in FIG. 8, the acoustic matching block 73 

is cut at a predetermined pitch in a direction perpendicular to 
the laminating direction (Z-axis) to form a plurality of plate 
like acoustic matching members (first acoustic matching 
plates) 74 (step S4). The upper and lower surfaces of each 
formed first acoustic matching plate 74 are polished to set its 
thickness to a thickness required for the first acoustic match 
ing layer 30. This thickness is, for example, 0.3 mm. With this 
polishing, the first metal layer 72 is exposed onto the upper 
and lower surfaces of the first acoustic matching plate 74. 
FIG. 8 shows only the two end portions of the first acoustic 
matching plate 74 without illustrating the intermediate por 
tion. 
0052. As shown in FIG.9, a second metal layer 75 and a 
third metal layer 76 are respectively formed on the lower and 
upper Surfaces of the first acoustic matching plate 74 by 
sputtering, vapor deposition, plating, or the like (step S5). 
With this process, the first acoustic matching plate 74 is 
completed. The process of forming thin metal films on upper 
and lower Surfaces is performed to improve the certainty and 
reliability of conduction with the upper electrodes 24 of the 
transducer unit 20. If therefore, there is no need to consider 
the certainty and reliability of conduction, the second metal 
layer 75 and the third metal layer 76 need not beformed. Note 
that FIG. 9 shows only the two end portions of the first 
acoustic matching plate 74 without illustrating the interme 
diate portion. 
0053. The first acoustic matching plate 74 is formed by 
alternately joining the plurality of columnar non-conductive 
member plates 71 and the plurality of first metal layers 72. 
The plurality of first metal layers 72 are arranged at a prede 
termined pitch PM. 
0054 As shown in FIG. 10, a composite block 80 is 
formed by joining the first acoustic matching plate 74, trans 
ducer plates 25, and second acoustic matching plates 42 by 
bonding, metal welding, or the like (step S6). The transducer 
plate 25 comprises a plate-like piezoelectric member 26, a 
lower electrode 27 formed on the lower surface of the piezo 
electric member 26, and an upper electrode 28 formed on the 
upper surface of the piezoelectric member 26. The second 
acoustic matching plate 42 is formed by using carbon or the 
like as a material. The lower electrode 27 and the first metal 
layer 72 are almost perpendicular to each other, and so are the 
upper electrode 28 and the first metal layer 72. Note that the 
process of forming the composite block 80 described above 
can use the first acoustic matching plate 74 manufactured in 
advance. 

0055 As indicated by the dotted lines in FIG. 10, the 
composite block 80 is cut vertically and horizontally at a 
predetermined pitch along the X- and Y-axes (step S7). With 
this cutting, the transducer plate 25, the first acoustic match 
ing plate 74, and the second acoustic matching plate 42 are 
divided into the plurality of transducers 21, the plurality of 
first acoustic matching elements 31, and the plurality of sec 
ond acoustic matching elements 41. Cutting positions are set 
Such that each first acoustic matching element 31 always 
includes one or more first metal layers 72. A cutting pitch PS 
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is determined on the basis of the first metal layer pitch PM. 
Cutting positions and a cutting pitch will be described in 
detail later. With this cutting, the first metal layers 72 become 
the internal metal layers 33, the second metal layers 75 
become the lower metal layers 34, and the third metal layers 
76 become the upper metal layers 35. With a cutting process, 
a transducer unit 20, a first acoustic matching layer 30, and a 
second acoustic matching layer 40 are completed. Note that 
FIG. 10 shows only the end portions of the composite block 
80 without illustrating the intermediate portion. 
0056. The above method of manufacturing the first acous 

tic matching layer 30 is the same as the existing method 
except for the determination of cutting positions in accor 
dance with a metal layer pitch and the adjustment of a cutting 
pitch. That is, using the first acoustic matching plate 74 
unique to this embodiment makes it possible to manufacture 
the transducer unit 20, the first acoustic matching layer 30, 
and the second acoustic matching layer 40 by a low-cost 
machining process based on the existing technique. 
0057 The structure of the first acoustic matching layer 30 
formed by the above manufacturing method will be described 
in detail. FIG. 11 is a view showing an X-Y section of the first 
acoustic matching layer 30. As shown in FIG. 11, the plurality 
of first acoustic matching elements 31 are separated from 
each other by a plurality of cut grooves 90 formed in a lattice 
pattern. The non-conductive member 32 of the first acoustic 
matching element 31 is divided into two pieces, i.e., a first 
non-conductive member piece 32A and a second non-con 
ductive member piece 32B by the internal metal layer 33. In 
other words, the internal metal layer 33 is sandwiched 
between the first non-conductive member piece 32A and the 
second non-conductive member piece 32B. That is, the first 
acoustic matching element 31 has a sandwich structure com 
prising the first non-conductive member piece 32A, the inter 
nal metal layer 33, and second non-conductive member piece 
32B. 

0.058 As shown in FIG. 11, the plurality of internal metal 
layers 33 are parallel to each other. The internal metal layers 
33 are parallel to the cut grooves 90 parallel to the Y-axis, and 
are perpendicular to the cut grooves 90 parallel to the X-axis. 
The cut grooves 90 are formed in the non-conductive mem 
bers 32. A cutting pitch PSX along the X-axis is equal to a first 
acoustic matching element pitch PAX along the X-axis. The 
cutting pitch PSX (first acoustic matching element pitch 
PAX) is almost equal to the internal metal layer pitch PM. In 
this case, in all the first acoustic matching elements 31, the 
internal metal layers 33 can be made to have the same array 
direction and position. A width WM of the internal metal 
layer 33 along the X-axis is typically 10 Lim. A width WS of 
the cut groove 90 is typically 50 lum. 
0059. If widths WA of all the first acoustic matching ele 
ments 31 are not strictly equal to each other, the first metal 
layer 72 (internal metal layer 33) may be cut in the manufac 
turing process. The non-conductive member plates 71 (see 
FIG. 5) and the first metal layers 72 have errors in thickness 
along the X-axis. In some case, therefore, the widths WA of 
all the first acoustic matching elements 31 cannot be made 
strictly equal to each other. 
0060) If, for example, the non-conductive member plates 
71 are bonded with an adhesive, the internal metal layer 33 
has a three-layer structure comprising a first internal metal 
layer 33A, an adhesive layer 33B, and a second internal metal 
layer 33C, as shown in FIG. 12. It is difficult to make the 
adhesive layers 33B have a strictly uniform thickness. In 
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some case, therefore, the thicknesses WM of all the internal 
metal layers 33 cannot be made strictly equal to each other. 
0061 Assume that the widths WM of all the first acoustic 
matching elements 31 are made strictly equal to each other by 
polishing or the like. Even in this case, if the cutting pitch PSX 
(first acoustic matching element pitch PAX) is equal to the 
internal metal layer pitch PM as shown in FIG. 11, cutting 
positions need to match the non-conductive member 32 in 
order to make all the first acoustic matching elements 31 
include the internal metal layers 33. However, since the sec 
ond metal layer 75 and the third metal layer 76 are formed on 
the upper and lower Surfaces of the first acoustic matching 
plate 74, it is impossible to visually recognize the position of 
the first metal layer 72 (internal metal layer 33). In addition, 
since the second acoustic matching plate 42 is laminated on 
the first acoustic matching plate 74, the first acoustic match 
ing plate 74 may be hidden from view. For this reason, a 
cutting position may overlap the first metal layer 72. If the 
first metal layer 72 is cut, the upper and lower surfaces of the 
first acoustic matching element 31 cannot be rendered con 
ductive. 
0062. As a method of solving the problem that when a 
cutting position matches the first metal layer 72 (internal 
metal layer 33), the upper and lower surfaces of the first 
acoustic matching element 31 cannot be rendered conductive, 
a method of making the metal layer pitch PM Smaller than the 
cutting pitch PS is available. FIG. 13 is a view showing an 
X-Y section of the plurality of first acoustic matching ele 
ments 31 when the metal layer pitch PM (PMA) is made 
smaller than the cutting pitch PSX. Areas RM in the cut 
grooves 90 parallel to the Y-axis are areas in which the inter 
nal metal layers 33 (first metal layers 72) have been formed 
before cutting. That is, this indicates that the internal metal 
layers 33 have been arranged at a predetermined pitch PMA 
before cutting. An internal metal layer pitch PMB across the 
area RM is twice the internal metal layer pitch PMA which 
does not cross the area RM. 
0063. The internal metal layer pitch PMA is smaller than 
the width WA of the first acoustic matching element 31. In 
other words, the cutting pitch PSX is larger than the length 
obtained by subtracting a width WS of the cut groove 90 from 
the cutting pitch PSX, i.e., the width WA of the first acoustic 
matching element 31. In this case, each first acoustic match 
ing element 31 can be reliably made to include at least one 
internal metal layer 33 without performing strict pitch adjust 
ment or cutting position adjustment. This can therefore reli 
ably render the upper and lower surfaces of the first acoustic 
matching element 31 conductive. This makes it possible to 
reduce the cost in manufacturing the first acoustic matching 
plates 74 and reduce the number of steps in joining the trans 
ducer plates 25 to the first acoustic matching plates 74. 
0064. Although the first acoustic matching layer 30 shown 
in FIG. 13 includes both the internal metal layer pitches PMA 
and PMB, adjusting the internal metal layer pitch PMA 
allows to include only the internal metal layer pitch PMA. 
0065. There is available a method of maximizing the inter 
nal metal layer pitch PMA (which is parallel to or almost 
perpendicular to the cut grooves 90) by forming the cut 
grooves 90 obliquely to the internal metal layers 33 (first 
metal layers 72). 
0066 FIG. 14 is a view showing an X-Y section of the 
plurality of first acoustic matching elements 31 when the cut 
grooves 90 are formed obliquely to the internal metal layers 
33. The first acoustic matching element pitch PAX in the X 
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direction is equal to a first acoustic matching element pitch 
PAY in the Y direction. The internal metal layer pitch PM in 
FIG. 14 is equal to the internal metal layer pitch PM in FIG. 
11. 
0067. As shown in FIG. 14, forming the cut grooves 90 
obliquely to the internal metal layers 33 can increase the first 
acoustic matching element pitch PAX as compared with the 
case in which the cut grooves 90 are perpendicular (parallel) 
to the internal metal layers 33. If, for example, the cut grooves 
90 are formed at an inclination of 45° with respect to the 
internal metal layers 33, the width WA of the first acoustic 
matching element 31 can be made about 1.4 times the width 
set when the cut grooves 90 are perpendicular to the internal 
metal layers 33. Consequently, the thickness of the first 
acoustic matching plate 74 can be increased by about 1.4 
times. As a result, the strength of the first acoustic matching 
plate 74 increases, and hence the yield in the manufacturing 
process of the ultrasonic probe 1 improves. 
0068. Note that the first acoustic matching element pitch 
PAX need not be equal to the first acoustic matching element 
pitch PAY. 
0069. The first acoustic matching layer 30 having the cut 
grooves 90 formed obliquely to the internal metal layers 33 is 
formed by cutting the four corners of the first acoustic match 
ing plate 74 obliquely to the first metal layers 72 as indicated 
by the dotted lines in FIG. 15. 
0070. In addition, the internal metal layers 33 need not 
always beformed inside the non-conductive members 32. For 
example, the internal metal layer 33 can be formed on a side 
Surface (at least one of a plurality of surfaces perpendicular to 
the upper and lower Surfaces) of the non-conductive member 
32 so as to be exposed onto the upper surface and lower 
surface of the non-conductive member 32. 
0071 An ultrasonic diagnosis apparatus including the 
ultrasonic probe 1 will be described next. FIG. 16 is a view 
showing the arrangement of an ultrasonic diagnosis apparatus 
100. As shown in FIG. 16, the ultrasonic diagnosis apparatus 
100 comprises a control circuit 110 as a central unit, the 
ultrasonic probe 1, a transmission circuit 112, a reception 
circuit 114, a signal processing circuit 116, and a display 
device 118. 

(0072. The second FPC 50 of the ultrasonic probe 1 elec 
trically extracts each upper electrode 24 independently. FIG. 
17 is a perspective view of the second FPC50 for electrically 
extracting each upper electrode 24 independently. As shown 
in FIG. 17, the second FPC 50 has a plurality of interconnec 
tions 51 for electrically extracting the plurality of upper elec 
trodes 24 independently. The interconnections 51 are formed 
out of thin copper foil or the like on the second FPC 50. The 
second FPC 50 is press-bonded to the second acoustic match 
ing layer 40 upon being positioned to the cut grooves 90. 
Since signals can be independently extracted from the respec 
tive upper electrodes 24 in this manner, the adverse acoustic 
effects can be reduced. This improves the resolution of 
images to be generated. The lower electrodes 23 and the upper 
electrodes 24 are connected to the transmission circuit 112 or 
the reception circuit 114 via probe cables. 
0073. The transmission circuit 112 generates a driving 
signal for generating an ultrasonic wave, and Supplies the 
generated driving signal to each transducer 21 to make it 
generate an ultrasonic wave. The reception circuit 114 delays 
and adds echo signals from the respective transducers 21. The 
signal processing circuit 116 receives the echo signals from 
the reception circuit 114 and generates the data of a B mode 
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image or the data of a Doppler image. The display device 118 
displays the generated B mode image or Doppler image. 
0074. In some case, the upper electrodes 24 need to be 
grounded instead of being connected to the transmission cir 
cuit 112 or the reception circuit 114. FIG. 18 is a view show 
ing the arrangement of an ultrasonic diagnosis apparatus 200 
in this case. As shown in FIG. 18, the ultrasonic diagnosis 
apparatus 200 comprises a control circuit 110 as a central 
unit, an ultrasonic probe 1", a transmission/reception circuit 
120, a signal processing circuit 116, and a display device 118. 
0075. A second FPC 50 of the ultrasonic probe 1' is 
obtained by press-bonding a film thinly plated with copper on 
an FPC base. Each upper electrode 24 is connected to the 
ground level via a probe cable. Each lower electrode 23 is 
connected to the transmission/reception circuit 120 via a 
probe cable. 
0076. The transmission/reception circuit 120 generates a 
driving signal for generating an ultrasonic wave, and Supplies 
the generated driving signal to each transducer 21 to make it 
generate an ultrasonic wave. The transmission/reception cir 
cuit 120 delays and adds echo signals from the respective 
transducers 21. 

0077 According to the above arrangement, the internal 
metal layer 33 is formed to be exposed onto the upper and 
lower surfaces of each non-conductive member 32 of the first 
acoustic matching layer 30 having the two-dimensional array 
structure. According to this embodiment, therefore, the upper 
and lower surfaces of each element 31 of the first acoustic 
matching layer 30 can be easily and reliably rendered con 
ductive. 

0078. According to the above description, the second FPC 
50 is joined to the upper surface of the second acoustic match 
ing layer 40. However, the present invention need not be 
limited to this. For example, the second FPC50 may be joined 
to the upper Surface of the first acoustic matching layer. 
Although three acoustic matching layers are used according 
to the above description, two or one layer or four or more 
layers can be used. 
0079. In the above ultrasonic probe 1, the backing 10 is 
joined to the lower portion of the transducer unit 20 via the 
first FPC. However, the present invention need not be limited 
to this. For example, in order to prevent ultrasonic waves 
propagating to the backward of the transducer unit 20 from 
being reflected by the first FPC, it suffices to join the first 
acoustic matching layer 30 to not only the upper portion of the 
transducer unit 20 but also to the lower portion. That is, the 
plurality of first acoustic matching elements 31 may be joined 
to the lower portions of the plurality of transducers 21. The 
backing 10 is joined to the lower portion of the first acoustic 
matching layer 30 located on the lower side. In this case, the 
first FPC is not provided between the transducer unit 20 and 
the first acoustic matching layer 30 on the lower side, but is 
provided between the first acoustic matching layer 30 on the 
lower side and the backing 10. 
0080 Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the inven 
tion in its broader aspects is not limited to the specific details 
and representative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva 
lents. 
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What is claimed is: 
1. An ultrasonic probe comprising: 
a plurality of piezoelectric elements arrayed two-dimen 

sionally; 
a plurality of electrodes respectively formed on the plural 

ity of piezoelectric elements: 
a plurality of columnar non-conductive members arranged 

on the plurality of electrodes; and 
a plurality of first conductive layers respectively provided 

for the plurality of non-conductive members, the first 
conductive layers reaching from arrangement Surfaces 
of the non-conductive members to other surfaces of the 
non-conductive members, the arrangement Surfaces 
being opposite to the other Surfaces. 

2. The probe according to claim 1, wherein 
the non-conductive member comprises a first non-conduc 

tive member piece and a second non-conductive mem 
ber piece, and 

the first conductive layer is sandwiched between the first 
non-conductive member piece and the second non-con 
ductive member piece. 

3. The probe according to claim 1, wherein second con 
ductive layers are formed on the arrangement Surfaces and the 
other Surfaces. 

4. The probe according to claim 1, wherein the first con 
ductive layers are Substantially perpendicular to the elec 
trodes. 

5. The probe according to claim 1, wherein the first con 
ductive layers are parallel to each other. 

6. The probe according to claim 5, wherein 
the arrangement Surfaces are defined by a first direction and 

a second direction, the first direction and the second 
direction are substantially perpendicular to each other, 

the non-conductive members are arrayed along the first 
direction and the second direction, 

the first conductive layers are formed to be substantially 
perpendicular to one of the first direction and the second 
direction, and 

an interval between the first conductive layers is substan 
tially not more than a center-to-center interval between 
the non-conductive members along the first direction or 
the second direction. 

7. The probe according to claim 5, wherein 
the arrangement Surfaces are defined by a first direction and 

a second direction, the first direction and the second 
direction are substantially perpendicular to each other, 

the non-conductive members are arrayed along the first 
direction and the second direction, 

the first conductive layers are formed to be substantially 
perpendicular to one of the first direction and the second 
direction, and 

an interval between the first conductive layers includes a 
first interval smaller than a center-to-center interval 
between the non-conductive members along the first 
direction or the second direction and a second interval 
having a length substantially twice the first interval. 

8. The probe according to claim 5, wherein 
the arrangement Surfaces are defined by a first direction and 

a second direction, the first direction and the second 
direction are substantially perpendicular to each other, 

the non-conductive members are arrayed along the first 
direction and the second direction, 

the first conductive layers are formed obliquely to one of 
the first direction and the second direction, and 
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an interval between the conductive layers is smaller than a 
diagonal line of the arrangement Surface. 

9. The probe according to claim 1, wherein 
the first conductive layer includes a first layer of the first 

conductive layer and a second layer of the first conduc 
tive layer, and 

the first layer is bonded to the second layer with a resin 
adhesive. 

10. The probe according to claim 1, wherein 
the first conductive layer includes a first layer of the first 

conductive layer of and a second layer of the first con 
ductive layer, and 

the first layer is metal-welded to the second layer. 
11. The probe according to claim 1, wherein the first con 

ductive layer contains at least one material selected from the 
group consisting of nickel, chromium, copper, tin, silver, and 
gold. 

12. The probe according to claim 3, wherein the second 
conductive layer contains at least one material selected from 
the group consisting of nickel, chromium, copper, tin, silver, 
and gold. 

13. The probe according to claim 1, wherein the non 
conductive member contains an inorganic Substance having 
an acoustic impedance of 9 to 15 Mray1. 

14. The probe according to claim 1, wherein the non 
conductive member comprises a ceramic material containing 
mica. 

15. An ultrasonic diagnosis apparatus configured to scans a 
Subject with an ultrasonic wave via an ultrasonic probe, the 
ultrasonic probe comprising 

a plurality of piezoelectric elements arrayed two-dimen 
sionally, 

a plurality of electrodes respectively formed on the plural 
ity of piezoelectric elements, 

a plurality of columnar non-conductive members arranged 
on the plurality of electrodes, and 

a plurality of conductive layers respectively formed on the 
plurality of non-conductive members, the conductive 
layers reaching from arrangement surfaces of the non 
conductive members to other Surfaces of the non-con 
ductive members, the arrangement Surfaces being oppo 
site to the other surfaces. 

16. The apparatus according to claim 15, which further 
comprises a flexible printed circuit board having plurality of 
interconnections for electrically extracting the plurality of 
electrodes, and in which 
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the plurality of electrodes are connected to at least one of a 
transmission circuit which transmits a driving signal to 
the ultrasonic probe, a reception circuit which receives 
an echo signal from the ultrasonic probe, and a ground 
level via the flexible printed circuit board. 

17. The apparatus according to claim 16, wherein the flex 
ible printed circuit board is connected to a plurality of con 
ductive members joined to one set of the plurality of non 
conductive members and the other surfaces of the plurality of 
non-conductive members. 

18. An ultrasonic probe manufacturing method compris 
1ng: 

forming a conductive layer on at least one surface of each 
of a plurality of plate-like non-conductive members; 

forming a non-conductive member block by joining a plu 
rality of non-conductive members on which the conduc 
tive layer are formed; and 

forming a plurality of plate-like acoustic matching mem 
bers by cutting the formed non-conductive member 
block in a direction substantially perpendicular to the 
one surface. 

19. An ultrasonic probe manufacturing method compris 
1ng: 

joining a plate-like piezoelectric member having two Sur 
faces on which electrodes are formed to a plate-like 
acoustic matching member having a plurality of conduc 
tive layers parallel to each other such that the electrodes 
are substantially perpendicular to the conductive layers; 
and 

forming a plurality of elements by cutting the joined acous 
tic matching member and the piezoelectric member Ver 
tically and horizontally to a joint surface between the 
acoustic matching member and the piezoelectric mem 
ber. 

20. An ultrasonic probe comprising: 
a plurality of transducers having a plurality of piezoelectric 

elements arrayed two-dimensionally and a plurality of 
electrodes formed on the plurality of piezoelectric ele 
ments; and 

an acoustic matching layer provided on the plurality of 
transducers, the acoustic matching layer having a plu 
rality of non-conductive members arrayed two-dimen 
sionally and a plurality of conductive layers for electri 
cally extracting the plurality of electrodes to surfaces of 
the non-conductive members. 
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